A group of 129 subjects (67 men and 62 women) experiencing sports headache was established using a questionnaire. A wide range of information was gathered, focusing on the mode of onset, time course, characteristic features and associated symptoms of sports-related headache. Criteria for the varieties of sports headaches were established using head trauma and then migraine to divide subgroups of sports headaches. Cases were classified into four categories: effort migraine, traumatriggered migraine, effort-exertion headache, and posttraumatic headache. The percentages of each sportsrelated headache found were: effort migraine 9%, traumatriggered migraine 6%, effort-exertion headache 60%, post-traumatic headache 22% and miscellaneous 3%. Sports migraine accounted for 15% of the total sports headache sample. Effort-exertion headache was the most common type of sports headache. Although effort-exertion headache could be separated into subjects who had an acute severe headache induced by anaerobic exercise (exertion headache) from those having a substantial headache lasting hours initiated by aerobic exercise (effort headache), most subjects with effort-exertion headache in this study appeared not to fall into any discrete subgroups. Trauma-related headaches were experienced mainly by men in contact sports, while women more commonly had non-trauma-related headache in running and jogging.
headaches into two major groups: vascular headache of migraine type and muscle contraction or tension headache' 3. There is still a great deal of debate as to whether these two forms of headaches are separate clinical entities. Some believe the two to be opposing ends of a spectrum within which most recurrent headaches fall. For example, in any individual subject some attacks fit in with classical migraine and some with tension headache, posing a problem for headache division3. The pathophysiological mechanism of migraine is still controversial4. Many theories and hypothetical models exist to explain the complex series of biochemical, pharmacological and neurovascular events that characterize the migraine attack.
Sport and exercise headaches have been reported only as a series of individual cases, and distinct forms of sport-and exercise-related headache have been described on the basis of their characteristics and precipitating events. It is generally accepted to label headaches by individual characteristics, although the direct cause of headache has often been used to categorize a headache such as 'footballer's migraine' or 'weight-lifter's headache'. We investigated the characteristic features of sports headache in 129 subjects, and set diagnostic criteria to classify their sports headaches into each subgroup. Since sports headache is a direct result of exercising or playing sport, head trauma is a major precipitating factor in the cause of headache, providing a clear distinction between headache groups. The trauma and nontrauma groups are further divided into migraine and non-migraine groups.
Methods
In addition to 103 university students experiencing sports headache found in Part 1 of this study1, 26 subjects (17 men and 9 women) who were also suffering from sports headache were drawn from no particular population, making a total of 129 subjects. The latter group consisted of 23 students and three non-students who completed the questionnaire while visiting the Otago University Health Centre. The overall group consisted of 67 men (52%) and 62 women (48%) with a mean(s.d.) age .of 20.7(3.3) (range 15-40) years. Diagnosis and classification of sports-related headache in individual cases were based on the evaluation of a wide range of information gathered by the questionnaire. To establish set criteria for sport and exercise headache, we reviewed questionnaires completed by 129 sports headache sufferers, and the sports headache literature, focusing on the cause, medical history and characteristic symptoms.
The division of sports headache created four basic groups using head trauma and migraine as the basis for division. Eight criteria for sports-related migraine are listed using the definition of migraine with aura by the International Headache Society. The first three criteria must be fulfilled for a headache to be classified as a sports-related migraine unless a number of other factors clearly establish the headache as sports migraine: (1) a visual or sensory warning or any other aura before the onset of headache; (2) headache lasting for several hours; (3) at least two episodes of the headache have been experienced; (4) unilateral location of the headache; (5) pounding or throbbing severe headache; (6) Non-migrainous headaches without head trauma were classified into effort-exertion headache or the miscellaneous group. Although post-traumatic nonmigraine headache is not a clearly defined group, chronic post-traumatic headache, which includes the majority of headaches following head trauma, was not considered in the present study1' 13 
Results
Diagnosis of headache varieties through the diagnostic tree is shown in Figure 1 . Of the 129 sports headaches 92(71%) were not associated with head trauma, and were classified into effort migraine in 11 subjects, effort-exertion headache in 77 and miscellaneous headaches in four. Headaches in 37 subjects occurred as a result of head trauma, and eight of them were diagnosed as trauma-triggered migraine, while the other 29 were classified as post-traumatic headache.
Effort migraine Effort migraine was diagnosed in 11 subjects ( Figure  1 ) eight (73%) of whom were women (mean(s.d.) age 21 .5(1.1) years). Effort migraine contributed to 13% of sports headaches in women and 5% in men. It was initiated by a variety of sports, particularly running and jogging (six subjects). Extreme exercise in hot conditions was cited as provoking migraine in two subjects. One subject noted migraine from an intense session of weight-training, indicating that exertion as well as activity requiring effort could initiate migraine. Other sports causing effort migraine include netball, hockey, cycling and swimming. The migraines were experienced only occasionally by nine of the subjects, but two cases had migraine on every Figure 1 . Classification of 129 sports-headache subjects second and third occasion that they participated in the particular exercise. Effort migraine began in childhood or adolescence, with an average age of onset of 15 (range 10-21) years. Aura was noticed by all, 45% experienced vomiting, 82% nausea and 45% stiffness in the neck. The migraine was generally described as having a throbbing/pounding character. The average migraine was described as either severe or moderate and 50% of the subjects reported that migraine affected their social life in some ways. Five subjects recovered within hours and the remaining six after a night's sleep. Spontaneous migraine which did not relate to sport or exercise was experienced in 55% of subjects, with a family history present in 64%. Both of these figures were higher when compared with those among the trauma-triggered migraine subjects.
Trauma-triggered migraine
Diagnosis of trauma-triggered migraine (T1M) was made in eight subjects (Figure 1 ), six men and one woman (mean(s.d.) age 23.6(4.9) years). Unlike effort migraine, which was predominantly experienced by women, TIM was experienced mostly by men (88%), contributing 10% of sports headache in men compared with only 1.5% in women. TTM was initiated during contact sports in all subjects with the exception of one case (cricket). Head trauma initiating TTM was mild, with none of the subjects reporting any loss of consciousness. TTM was seen in the first two decades of life, often emerging in childhood (average age of TTM onset being 13 years). TTM displayed a number of clinical features in common with classical migraine. All had an aura, comprising visual and/or sensory disturbances before the headache, which was followed by severe headache accompanied by nausea (75%) and vomiting (25%). The headache was described as having a throbbing/ pounding nature, commonly located in the forehead. The duration of headache was several hours, lasting all day for two subjects. By 24 h all the subjects had fully recovered. Six subjects (75%) experienced repeated episodes with head trauma. Spontaneous migraine without sports or exercise was noted in 25% of subjects, and 38% of subjects had a family history of migraine.
Effort-exertion headache Effort-exertion headache (EEH) was the most common type of sports headache (Figure 1 ). Some form of EEH was experienced by 31 men and 46 women contributing to 74% of the sports headaches in women and 46% in the men. A variety of sports and exercises were described as initiating EEH, running and jogging being most common (Table 1 Sport not mentioned 2 4
The pain was described as either aching/dull or pounding/throbbing. In any individual subjects some attacks fit in with classical migraine, some with common migraine, and some with tension headache posing a problem for headache division14. To date no unanimously approved criteria exist for diagnosing migraine or other headache varieties, especially when the information is gathered by questionnaire'5. As we defined migraine on the basis of classical attacks, if common migraine is included the prevalence of sports-related migraine could be greater.
Sports migraine consists of two varieties: effort migraine and trauma-triggered migraine. Effort migraine has not been well documented in the literature. As migraine in general is more common among women, effort migraine in the present study is predominantly experienced by women. Among subjects experiencing effort migraine, a high percentage suffered from non-sports related migraine and gave a positive family history of migraine. Although the pathogenesis of effort migraine is still unidentified, migraine triggered by physical effort was particularly evident among highly trained athletes in the 1968 Summer Olympic Games in Mexico City (altitude 7000 feet above sea level) suggesting that low oxygen tension may trigger migraine by an as yet unknown mechanism 6 17 . At sea level effort migraine is rarely seen in elite athletes.
Matthews was the first to describe subjects with trauma-triggered migraine, which he aptly named 'Footballer's migraine'7. He reported three soccer players and a boxer who had classical migraine resulting from a blow to the head. Since then a number of cases of trauma-triggered migraine have been documented8'2 18 and the information gathered from eight cases of trauma-triggered migraine in the present study was consistent with those reported. The migraine is initiated by mild head trauma, and is predominantly experienced by men. The head trauma is not necessarily heavy; a light blow to the head or face can trigger migraine9. The clinical picture of trauma-triggered migrain appears identical to that of classical migraine. Warning symptoms were usually present, either visual disturbances, e.g. scintillating scotoma, flashing lights and blurred vision, or sensory symptoms, e.g. tingling or numbness of a portion of the body, and an unusual feeling in the stomach. Nausea and vomiting were commonly associated with a severe throbbing headache lasting for several hours. A past history of non-sports-related migraine and a positive family history of migraine appear to be dominant factors19, but occurred less frequently than expected in the current study. Trauma-triggered migraine is predominantly experienced by children or adolescents, usually beginning between the ages of 10 and 25 years. The aetiology of migraine after head trauma is still obscure and the possible long-term sequelae of this 'benign' condition are unknown.
Effort-exertion headache is the most common and most diverse of the subgroups of sports headache. Effort-exertion headache comprises approximately three-quarters of women's sports headaches and less than half of men's. Although a variety of sports and exercises initiated effort-exertion headaches, running and jogging made the largest contribution. The distinction between effort and exertion headaches in the literature is confusing, although tentative criteria can be established as follows. Exertion headache appears to be induced by particular exercises such as strenuous lifting, bending over and physical jarring, and is often associated with pain in the occipital and neck region lasting only minutes20 21. Effort headache lasting several hours is initiated by aerobic exercise and may be aggravated by dehydration, heat, fatigue and extreme exercise5'6. However, some authors have suggested that separation of these two headache types is unnecessary; both have features in common with altitude headache6.
The term 'benign exertional headache' has been suggested by Rooke20, and exertional headaches are a direct result of some form of exertion: lifting, running, coughing ('cough headache'), sneezing, sexual intercourse ('coital headache'). They are generally headaches with a rapid onset and brief duration, occurring in all parts of the head. There is some variation among the literature regarding the duration of exertion headache, ranging from minutes to all day. Diamond reported 15 cases as 'prolonged benign exertion headache' with a mean duration of 4 h22. raised intrathoracic pressure24'25, compressed blood vessels by muscle tension25,26 vasodilation of cerebral blood vessels by stress14, neck muscle tension or strain23, neurogenic, e.g. stimulating the monoaminergic pathway27, or a combination of these factors". In the case of exertion headache in luge athletes, multiple factors my be involved in its development such as continued neck flexion and strain, the exertion of racing, altitude, and the body position adopted to counter gravity27. A number of factors appears to aggravate effort headaches: altitude, dehydration, heat, hypoglycaemia, poor fitness, extreme exercise, and even alcohol and caffeine consumption5'6' 29. Although some effort-exertion headaches may be the result of one particular factor, it is more probably that several factors are involved. Other forms of headache, such as tension headache, might also be responsible for a headache experienced during exercise .
The category of post-traumatic headache is not clearly demarkated and the symptoms vary. Posttraumatic headache is usually due to a substantial blow to the head, face or neck, and therefore is predominantly found in contact sport. The headache is of variable intensity and location. The severity of trauma has little relationship to the intensity of headache and, if anything, the more severe the trauma the less the degree of headache experienced31. Post-traumatic headache is often associated with concussion, and headache is a common symptom in mild concussion32. Post-traumatic headache is often overlooked, since headache with or without concussion is not taken seriously by the individual, trainer or peer group25. Lombardo 
